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INTROOUOTIOV 



The lighting of railroad oars hy eleotrlolty has during 
tha last few years been given considerable thought and study. 
With the develomnent of suitable apparatus for small light- 
ing stations, came the application of electricity to rall^- 
road oar lighting. The various systems employed for this 
purpose have been gradually Improved, until today there are 
several which operate very satisfactorily, and are rapidly 
displacing other methods of train lighting becatise of the 
many advantages secured in the use of electric lights. 

Hitherto, no very extended tests had been made on the 
different systems and It was for the purpose of invest Iga- 
ting several equipments that this work was carried out. 
Tests were made on the following equipments of the Chicago, 
Burlington and Qulncy Railroad; - Curtis Turbo Oenerator Set, 
Storage Battery Set, and Pamsworth Consolidated Axle Drive 
Set; reports of which follow. 
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TEST OF CURTIS TUBBO OENSBATOR SET 

Th« test of this equljanent was made on trains numters 
1 and 6, running between Chicago and Denver. The equipment 
oonslsted of a 25 K. W. Curtis Turbo-generator set mounted 
in the front end of the baggage car, theire being an auxil- 
iary of two sets of batteries in connection - one located 
under the baggage car and the other beneath a Pullman car 
at the rear of the train. The turbine receives its steam 
from the loocnnotive through a pipe line beneath the oars and 
flexible hose connectors between the cars, there being a re- 
ducing valve at the locomotive which reduces the steam pres- 
sure from that at the boiler to eighty pounds at the turbine, 

THE TURBO SEKERATOR SET Is one manufactured by the 
OENERAL ELECTRIC CO. and is of the horizontal shaft type of 
25 K. W. capacity, Type C - 2 - 25 - 3600, Foxia T, amperes, 
200. The turbine Is equipped with a governor which automati- 
cally regulates the speed by opening or closing pOppet 
valves controlling the steam supply. The steam after leav- 
ing the turbine exhausts through a steam funnel into the air 
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above the oar, the fuxmel serving to drain haok the water In 
the steam, thus preventing undue formation of loe on the oars 
In the winter time. OH pressure Is maintained at 6 pounds 
on the bearings by means of a ohaln pxaop. 

THE SWITCHBOARD Is oonvenlently mounted In the dynamo 
oonpartment and oontalns an ammeter and voltmeter of the 
Westlnghotase type, and two steam gauges, one of whloh shows 
the pressure of the steam delivered to the turbine and the 
other the pressure of the steam delivered to the train heat- 
ing line. The board also oontalns an aut<»natlo olroult- 
breaker designed to protect against both overload and luider- 
load. The underload attaohment Is provided so that In oase 
the steam pressure Is shut off the generator becomes In- 
operative the circuit will be automatically opened as the 
generator speed decreases, thus preventing the generator 
being driven as a motor by the batteries. 

THE BATTERIES consist of two sets; one located on the 
baggage oar and the other on a rear Pullman oar. They are of 
the type 13 E made by the Electric Storage Battery Co. and 
are of 240 ampere hour oapaolty, 54 cells being supplied to 
each battery. These batteries are floated directly on the 
line and since they require no throwing of switches to place 
them on the line when the turbine Is out off, but are always 
ready for service on the lights, the arrangement adds to the 
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sljnpllolty of the systen, 

THS TRAIN LIMS Is of peculiar cons truot ion. The method 
of distribution Is that knoun as the "return loop" or "Ver- 
dexman* oonstruotlon and consists essentially ot three wires 
running throughout the length of the entire train, looated 
In the roofs of the oars. The positive wire as per Figure 1 
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runs to the rear of the train and loq;>s baok along the sane 
path to the forward oar of the train, the lights and bat- 
teries being connected between this return loop and the 
third wire which Is connected directly to the negative ter- 
minal of the machine. The object of this construction Is to 
obtain a more unlfozia distribution of potential along the 
line. 

In addition to this there Is a peculiarity In the con- 
struction of the train line which Is characteristic of this 
equipment In that the two feeding wires are crossed within 
each car and also between each of the cars. This Is for the 
purpose of preserving proper polarity In each of the wires 
In the oar. The necessity for this Is best shown by a corn- 
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parlson of the three figures shown here. 
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In Figure 2 Is shown the train line as In operation. It Is 
ohvlous that no matter which end of the car B Is forward, 
the same polarity of the generator will he presented to the 
batteries located on that oar. It Is also readily seen that 
If the train had heen wired straight as per Figure 3, a bat- 
tery being located on the middle oar, and the middle car 
should be turned end for end as In Figure 4, the positive 
generator lead will be presented to the negative of the bat- 
tery thmt causing a direct short clroult of both generator 
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and battery through each other, 

THE CONNECTORS between oars are of special type designed 
for this purpose, consisting of male and female parts, each 
of which has three insulated connections for accommodating 
the three train wires. The connector is shown roughly by 
the accompanying drawing of the male part, A hasd rubber 
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block is placed between the two positive leads to Insure 
that the male is placed In with the right side up. A thxxmb 
screw olanps the male solid after it is Inserted into the 
female block and insiares a good permanent contact. The 
leads between oars are of heavy flexible copper cable and 
are looped up and fastened to one side of the passage-way so 
as not to Interfere with passage through the vestibule. 

An individual SWITCHBOARD is included in the equipment 
of each oar, containing switches and fuses for each of the 
light circuits . In the cars containing batteries there are 
also swltohes for the battery and train line. 

An SLXGTRICIAN is placed in charge of the equipment and 
is on the train throughout the whole trip, his duty being to 
maintain constant voltage, looX to the operation of-the tur- 
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bine, oare for any emergenoles that nay arise In the opera- 
tion of the equipment, and also to see that proper steam 
pressure Is maintained on the train heating sirstem. 
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laCTHOS 07 TEST 



The test of the eczulpment oonslsted In making two dis- 
tinct tests - a road test to determine operating conditions , 
and a steam oonsuiqptlon test to determine the amount of 
steam oonsumed In the operation of the turbine. 

The ROAD TEST was made on the turbo-generator on the 
train running between Chicago and Denver, During the test 
the turbine was equipped with a calibrated steam pressure 
gauge and separating calorimeter to detexmlne steam pressure 
and quality. The gauge was placed In the pipe line about 
a foot from the turbine. The separating calorimeter tap 
was located In a T pipe connector at the point where the 
pipe line enters the generator compartment, as shown In 
Figure 6. / m {{^ ToC^LOff/Mere^ 
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At this point the steam has not as yet passed through the 
separator and henoe no consideration was made of the sepa- 
rator water > this being all Included In the moisture of the 
steam as Indicated by the calorimeter readings. 

In order to detexttlne the electrical operation of the 
equipment a calibrated aianeter was placed In the generator 
circuit and a calibrated voltmeter was placed across the 
generator terminals. 

The speed of the generator was determined by means of a 
stop watch and speed Indicator. 

Readings were taken at fifteen minute Intervals when 
lights were turned on throughout the entire trip. When the 
lights were on the batteries, readings of battery voltage 
and current were talcen of each set, and the total time of 
operation of lights on the batteries was noted. The pres- 
sure of oU on the bearings was noted occasionally and the 
general operation was watched closely throughout the test. 

The STXAll OONSUlfPTlOK TEST was made on the turbo gener- 
ator In the laboratory of the university of Wisconsin. ' It 
was the Intention to make the steam consumption test In the 
yards at Chicago but after equipping one of the turbine sets 
for the test in the yards. It was found that sufficient cool- 
ing water could not be obtained to condense the steam and 
accordingly It was decided to make the test In the laboratory. 
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10 

of the University, where there was Installed this T^ex, a 
turbo-generator set Identical with that tested on trains 1 
and 6. 

A surface steam condenser was connected to the exhaust 
pipe and served to condense the steam passing through the 
turbine. The condensed steam was weighed after passing 
through the turbine on standard Falrbank*8 platform scales, 
at exact five minute Intervals. 

The load was applied to the generator by means of a 
water-box and measurements of current and voltage were made 
by calibrated Weston Instruments. 

Steam pressure and quality were detexmlned by means of 
a pressure gauge and a throttling calorimeter tapped into a 
vertical section of the pipe at the turbine. 

The bacX pressure was read on a manometer tube tapped 
Into the exhaust pipe. 

Speed was determined by means of a stop watch and speed 
indicator. 

Data was taken for 1/4, 1/2, 3/4, 1, 1-1/4 loads and 
for steam pressures of 60 poimds, 70 pounds, 80 pounds and 
90 pounds. Readings were talcen every thirty minutes throxighr- 
out the test. The voltage was kept the same as Is used on 
the train service, €md the load and steam pressure were Kept 
constant during each run. 
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DISCUSSION OF RESULTS 

The most strllLlng result of the ROAD TEST is the faot 
that the generator load Is never above 17 K. W. and the aver- 
age load is less than 11 K. W« This Is significant slnoe 
the machine is rated at 25 K. W. It would seem to indicate 
poor Judgment in the selection of the equlxmient, but in Jus- 
tice to the operating department of the railroad it must be 
said that efficiency of operation Is not the mere relation 
of output and input, but in service on the railroad a vast 
number of other considerations enter which reduce the effi- 
ciency and cost of operation to secondary Importance. In 
the case of train lighting it is necessary that the railroad 
be prepared to handle very heavy traffic at certain rush 
seasons - in many cases the length of passenger trains being 
doubled. This re(iuire8 a proportionally heavy lighting 
capacity, which, though lasting but a few days, must still 
be taken into consideration in the selection of such an 
equipment. 

Another feature which warrants the adoption of such a 
large capacity set is that for low steam pressures - such as 
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60 pounds - whlob frequently ooour, the turbine can deliver 
but half or three-quarter load. A 25 K. W. generator vrlll 
carry the load at this pressure, but a 15 or 20 K. Y. gener- 
ator would not be able to oarry the load under the same con- 
ditions and hence the generator at this point wo\ad becone 
Inoperative. 

A fact which deserves attention is that the steam con- 
sumption over the entire trip does not vary from full load 
to the lighter loads as much as might be esgpected, as Is 
shown by consideration of the steam comsunqotlon curves on 
Plate I and II. The maximum variation of steam consumption 
Is shown to be 1480 pounds per hour at 17 K. W. and 800 
pounds per hoiir at 4.3 K. Y. 

The speed of the generator varies almost directly with 
the steam pressure when operating under heavy load, but upon 
light loads remains practically constant. 

It Is readily seen frcaa a c<»nparlson of the curves of 
load and steam consumption per K. Y. hour that the steam con- 
sumption varies Inversely as the load - this tending to make 
the total steam consumed more nearly constant at the various 
loads. 

The results of the STEAM CONSUlfPTION test show remark- 
able res\ats. in the first place it was found that the 
steam consumption curves for all the pressures employed were 
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Identical - ehonrlng that for variations of steam pressure 
between 60 pounds and 90 pounds the steam oomsuiqptlon is in- 
dependent of the pressure. The only explanation that oan be 
offered for this is that there Is a throttling action of the 
governor that takes place which tends to maintain the pres- 
sure on the nozzles more or less constant irrespective of 
the pressure impressed on the turbine. The steam consump- 
tion curves are shown in Plates ill to x. 

The steam consumption is higher than is to be esgpected 
from a reciprocating engine of a similar capacity, but an 
explanation of that fact is not within the scope of this in- 
vestigation and so will not be considered here. 

By reference to the tables ,1 it may be noted with what 
care this test was made in that the steam oozisumption for 
various five minute Intervals check on each other very 
closely. 
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Data of Trip on Train , Nunfber 1 
From Chicago to Donyert Februaiv 9, 1906 
Tupbo-generatop In Baggage-oar, Numbar 1350 

















Pounds of 






Quality 








Output Wet steam 


Time 


steam 


Of 






i»- 


in 


per K. w. 


P. M. 


Pressure 


Stent 


Speed 


Volts 


peres 


K. W. 


Hour 


4:20 


58.5 






112.8 


83.0 


9.35 


124 


4;50 


84.0 




3600 


112.8 


139.6 


16.75 


90 


5;io 


78.0 






114.0 


149.6 


17.05 


85 


5; 30 


72.0 


98.5 


3530 


112.8 


. 143.4 


16.20 


90 


6:00 


76.0 


98.3 


3545 


112.8 


133.4 


15.05 


94 


6;so 


69 #5 


98.6 


5580 


112.8 


135.0 


15.21 


95 


7:00 


76.0 


98.3 


3560 


112.0 


134.4 


15.07 


93 


7;30 


88.0 


98.3 


3580 


112.8 


135.0 


15.21 


93 


a; 00 


86.0 


98.3 


3560 


114.0 


142.5 


16.25 


88 


8;80 


84.0 




3600 


112.8 


134.4 


15.16 


92 


6;4& 


86.0 


98.4 


5600 


114.0 


134.4 


15.35 


92 


9;oo 


87.0 




3600 


112.8 


134.4 


15.15 


92 


9tl5 


86.0 




3565 


112,8 


132.4 


14.95 


93 


9;so 


84.0 


98.5 


3560 


112.8 


132.4 


14.95 


93 


9; 45 


C5.0 


98.4 


3530 


112.8 


135.0 


15.21 


92 


10:00 


84.0 


98.2 


3530 


112.8 


132.4 


14.95 


93 


10;i5 


83.0 




3535 


112.8 


130.0 


14.65 


96 


10:36 


83.0 




3535 


112.8 


130.0 


14.65 


95 



Battery 



10;26 








110.6 


89.0 


9.78 




10:30 








99.5 


100.0 


9.93 




10*32 








103.0 


67.0 


6.90 




10:35 








105.5 


48.0 


5.02 




10/42 








104.7 


48.0 


4.97 




10«45 








101.7 


68.5 


6.96 




10:45 


44.5 






113.0 


84.0 


9.60 


123 


11; 00 


81.0 




3530 


113.5 


81.0 


9.20 


126 


11:15 


77.0 






114.2 


80.5 


9.20 


126 


11:30 


88.0 


98.5 


3600 


114.0 


61,0 


6.96 


147 


ii;4s 


83.0 




3640 


114.0 


60.7 


§.96 


147 


12t00 


88.0 


97.1 


3630 


114.0 


61.0 


6*. 96 
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12; 15 


86.0 


98.5 


5800 


114.0 


61.0 


6.96 


147 


12:50 


88,0 


98.5 


5600 


111.5 


58.0 


6.56 


152 


12U5 


85.0 






114.0 


45.0 


5.15 


172 


i;oo 


92.0 


98.0 


3615 


114.0 


49.0 


5.59 


164 


i:is 


88.0 


98.5 


3600 


114.0 


58.0 


6.61 


150 


1:30 


90.0 


97.7 




114.0 


45.0 


4.91 


185 


1:45 


84.0 


97.8 


5600 


114.0 


41.0 


4.68 


190 


2:00 


88.0 






112.8 


41.0 


4.62 


190 


2;i6 


93.0 


97.5 


5645 


112.8 


57.0 


4.17 


206 


2*50 


90.5 






112.8 


36.0 


4.06 


205 


2:45 


84.5 


97,6 




112.8 


41.0 


4.62 


190 


3; 00 


80.0 






112.8 


34.0 


5.85 


210 


5;i6 


83.0 




5580 


114.0 


37.0 


4.21 


205 


3:21 


83.0 




3580 


114.0 


57.0 


4.231 


205 



Batterjr 



5:21 








114.0 


25.0 


2.85 




5:24 








110.2 


29.0 


5.20 




5:28 








108.5 


29.5 


5.20 




5;50 








108.5 


29.0 


5.15 




s;35 








108.0 


29.0 


5.14 




3;36 


68.0 






112,8 


61.0 


6,87 


146 


3;45 


60.0 






112,8 


62.0 


6.99 


146 


4. '00 


65.0 


97.6 


5650 


117.0 


46.0 


5.57 


175 


4;l5 


45.0 


97.6 


5550 


117.0 


44.5 


5.21 


179 


4:50 


45.0 






118,0 


47.5 


5.61 


118 


4;45 


48.5 


97.6 


5550 


117.0 


40.0 


4.67 


182 


5; 00 


60.5 






117.0 


55.5 


5.92 


198 


5:15 


50.5 




5600 


117,0 


54.2 


4.00 


196 


5:50 


49,5 






118.0 


52.0 


5.78 


200 


6:00 


40.0 






110.0 


47.0 


5.17 


168 


6:50 


42.0 


97.8 


5600 


119.0 


40.0 


4,76 


182 


6:45 


58.0 






119.0 


59.0 


4.64 


186 


7:00 


45.0 


97.8 


5600 


119.0 


59.0 


4.64 


186 


7:15 


45.0 






119.0 


59.0 


4,64 


186 



Battexy 

7;15 115.6 24.5 2.82 

7:20 112.0 17.0 1.89 

7:25 112.6 17.4 1.89 

7:50 112.2 17.2 1.89 
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7;so 


60.0 


7;46 


60.0 


7;55 


65.0 


8:00 


65.0 



P. M. 



6; 00 


55,0 


6;i5 


58.0 


6;so 


54.0 


8;45 


50.0 


7;oo 


52.0 


7:i5 


55.0 


7;50 


51.0 


7:45 


53.0 


8:00 


54.0 


8<15 


54.0 


8;50 


54.0 



8:50 
8:S5 

8;40 



5800 117,0 30,0 3.51 205 

117.0 50.0 3.51 205 

98.8 5800 118.0 24.0 2.85 215 

118.0 24.0 2.83 215 



Februarjr 10 



96.2 5600 116.0 20.0 2.52 220 

119.0 27.0 5.21 216 

97.4 5600 115,0 66.0 7.58 140 

112.8 115.5 12.80 102 

97.2 5600 112.0 117.5 15.15 100 

112.0 117.5 15.15 100 

5450 112.0 126.5 14.15 96 

112.8 125.0 15.86 98 

3440 112.8 122.0 15.75 99 

115.0 129.0 14.85 95 

115.0 129.0 14.85 95 



Batter/ 



100, 


,5 


99. 


,0 


10. 


.0 


100. 


,0 


95, 





9, 


.5 


100. 


,0 


75, 


,0 


7. 


.3 



Tlae gMierator In operation - 17 hours, 22 minutes. 
Time batteries in operation - - - 58 minutes. 
Total steam used - _ - -, 19,S56 pounds. 



Digitized by 



Google 



Digitized by 



Google 



17 



Data of Trip on Train, Number 6 
Fran Denver to chloago, February 12, 1906 
Turbo-generator In Baggage-oar, Number 1549 

















Pounds of 






Quality 








Output Wet steam 


Tine 


steam 


of 






Am- 


m 


per K. W. 


P. u. 


Pressure 


stesn 


Speed 


Volte 


peres 


K. w. 


Hour 


6:24 


72.0 






118.0 


49.0 


5.78 


167 


6;so 


70.0 


97.8 


5600 


116.0 


98.0 


11.28 


110 


6145 


71.0 


97.6 


5600 


115.0 


126.5 


14.55 


94 


7;00 


68.0 






116.0 


129.5 


15.02 


92 


7:15 


68.0 


97.6 


5590 


115.0 


127.0 


14.60 


95 


7:50 


69.0 






115.0 


118.0 


15.58 


97 


7:45 


66.0 


97.8 


5500 


115.0 


125.0 


14.58 


92 


a; 00 


63.0 






115.0 


116.5 


15.18 


97 


8;i5 


66.0 


97.6 


5600 


115.0 


115.0 


15.00 


98 


3:50 


72.5 






116.5 


155.0 


15.50 


90 


3:45 


77.0 


97.4 


5600 


117.5 


155.0 


15.85 


90 


9: 00 


75.0 






116.5 


128.0 


14.92 


92 


9:i5 


76.0 


97.8 


5587 


117.6 


150,0 


15.28 


92 


9:so 


88.0 






115.0 


150.0 


14.95 


92 


9:45 


88.0 


98.8 


5580 


116.0 


125.0 


14.28 


96 


10:00 


82.0 






115.0 


115.0 


15.22 


100 


io:i6 


85.0 


97,6 


5500 


115.0 


86.0 


9.88 


120 


lOfSO 


85.5 






115.0 


86.0 


9.88 


120 


10;45 


86.0 


97.5 


5600 


115.0 


77.0 


8.85 


127 


ii;oo 


78.0 






115.0 


81,0 


9.51 


124 


ii:i5 


82.0 


97.2 


5600 


116.0 


81.0 


9.40 


124 


ii;50 


78.0 






117.0 


79.0 


9.25 


125 


11«40 


78,0 






117.0 


79.0 


9.25 


125 



Battery 



11:40 










117.0 


60.0 


6.42 






11:45 










102.5 


47.5 


4.87 






11:50 










105.0 


57.8 


5.91 






11:50 


68.0 








115.0 


71,0 


8.16 


156 




11; 56 


68.0 








115.0 


71.0 


8.16 


156 




12; 00 


75,0 








116.0 


81.0 


9.40 


126 




12;15 


56.5 


98. 


.2 


5650 


116.0 


86.0 


9,98 


122 




i2;so 


66,0 








116.0 


57.0 


6.62 


155 




12:45 


66.0 






5700 


116.0 


54.0 


6.27 


157 




1«00 


66.0 


97. 


>0 


5710 


116.0 


51.0 


5.92 

Digitized by ' 


160 T 


M 



Digitized by 



Google 



18 



i:i5 


66.0 


97.3 


5700 


115.0 


54.0 


6,21 


157 


i;50 


66.0 




5680 


115.0 


59.0 


6.78 


150 


lUS 


66.0 




5650 


116.0 


56.0 


6.50 


154 


2»00 


66.0 


98.8 


5600 


116.0 


58.0 


6.50 


154 


2:15 


56.5 




5660 


116.0 


41.0 


4.76 


180 


2:50 


41.0 




5570 


120.0 


71.0 


8.52 


156 


2:45 


44.0 


96.6 


5650 


120.0 


65.0 


7.56 


146 


5; 00 


57.0 




5500 


120.0 


69.0 


8,37 


137 


3:i5 


40.0 


98.6 


5560 


120.5 


71.0 


8,55 


156 


3;so 


41.0 




5400 


120.0 


87.0 


8,04 


140 


SUS 


57.0 


95.8 


5560 


120.0 


54.0 


6.48 


156 


4; 00 


54.5 


96.2 


3340 


120.0 


47,0 


5,64 


168 


4:15 


58.0 




3320 


120.0 


56.5 


6.78 


155 


4:50 


56.0 


93.2 




120.0 


49.5 


5.94 


164 


4:4c 


56.0 




3500 


119.0 


49.0 


5.83 


164 


5:00 


41.0 






120.0 


58.0 


6.96 


150 


5:15 


41.0 






120.0 


58.0 


6,96 


150 



Battexr 



5115 








110.0 


35.7 


5,95 




5:20 








110.0 


37.7 


5.06 




5:50 








108.5 


55,7 


5.88 




5;35 








106.5 


59,5 


4,22 




5:40 








106.0 


42,0 


4,46 




5:45 








105.5 


41,3 


4,55 




5:45 


72.5 




5625 


114.0 


48.5 


5.55 


164 


6:00 


72.5 






114.0 


48.5 


5.55 


164 


6:15 


72.0 






114.0 


47.0 


5,56 


168 


7:00 


94.5 


96.0 


3780 


115.0 


51.0 


5,82 


162 


7:i6 


86.0 






115.0 


56,0 


6.44 


155 








Pebpuarjr 15 








p. M, 
















5; 00 


83.0 






115.0 


51.0 


5.87 


162 


5;i5 


82,5 


96.4 


5600 


115.0 


142.0 


16.54 


90 


5:50 


64.0 




5545 


116, 


146.0 


16,95 


88 


5145 


75.0 


96,7 


5590 


115.0 


141,5 


16.50 


90 


6;oo 


72,5 




5685 


115.0 


159,5 


16.05 
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6:i6 


57.0 


96.4 




115.0 


140.0 


16.10 


91 


6:so 


58.5 




3300 


113.0 


140.0 


15.81 


91 


6U5 


62.5 


95.6 


5310 


115.5 


147.0 


16.98 


88 


7j00 


6S.5 




3470 


115.2 


142.5 


16.45 


90 


7;i5 


60.0 


95.6 


3670 


115.0 


139.0 


16.00 


91 


7;so 


56.5 




3500 


114.0 


134.0 


15.28 


92 


7;45 


56.5 


95.6 




111.0 


132.0 


14.65 


93 


8:00 


53.5 




2975 


110.0 


126.0 


13.87 


96 


8:15 


51.5 






109.0 


123.0 


13.40 


98 


8:so 


51,6 


95,5 


2950 


103.0 


117.6 


12.10 


101 


8:45 


56.5 






111.0 


141.5 


15.70 


90 


9:00 


51.5 






103.0 


117.0 


12.05 


101 


0:15 


51.5 






103.0 


117.0 


12.05 


101 


Time generator In 


operation 


17 hours, 26 minutes. 


Time batteries in operation 


- 


- 40 minutes. 


Total steam luied 


- 


- - 


- 


19,811 pounds. 
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STXAU OONSUMPTIOK TEST 
lURCH 9, 1906 

STIAM PRESSURE, 63 POUNDS 



Weight 
Time of 

A. M, steam 



Quality 

of 
Steal 



speed 



Baoic OUtr- 
Preasure put 
Inohea In 
Meroury K. w. 



Pounds of stemi 
pep K, w. Hour 



Wet 



Dry 



9:S5 
9:40 
9.-45 
9:50 
9155 

io:oo 
io:o5 



8: 05 

8:io 
8:i5 
8:20 
8:25 
8:30 
8; 35 



8;35 

8:40 
8:45 
8:50 

8:56 

9:00 

9: 06 



77.0 
77.0 
83.0 
77,0 
81,5 
77.0 
T71.5 



91.0 
91.0 
93.0 
91.0 
91.0 
93.0 
SSO.O 



107.0 
106.0 
106.5 
108.0 
103.0 
106.0 
636.5 



Load, 
98.3 
98.6 
98.9 
98.7 
98.8 
98.8 
98.8 



Load, 
98.7 
98.5 
98.6 
98.8 
98.6 
98.7 
98.8 



50 Ampereb at 115 Volts 



3550 
3540 
3538 
3562 
3540 
3550 
3655 



.100 
,000 
• 005 
.000 
.000 
.005 
.000 



5.76 
5.75 
5.75 
5.76 
6.76 
5.76 
6.76 



164.0 162.0 



70 Aiiveres at 115 Volts 



3525 
3640 
3552 
3540 
3520 
3547 
3560 



.100 
•100 
.100 
.100 
.100 
.100 
.100 



8.05 
8.05 
8.05 
8.06 
8.06 
8.05 
8.05 



136.8 136.0 



Load, 100 Amperes at 116 Volts 



98.8 
98.6 
98.7 
98.8 
98.7 
98.8 
98.8 



3528 
3516 
3540 
3535 
3550 
3568 
3542 



.100 
.005 
.008 
.100 
.000 
.100 
.100 



11.5 

11.6 

11.5 

11.6 

11.6 

11.25 

11.45 



111.0 109.4 
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9;05 

9;xo 
9;i5 

9; 20 
9:25 
9:30 
9:S5 



126.0 
126.0 
128.5 
127.0 
122.0 
122.0 



Load, 150 Ajoperes at 115 Volts 



98.8 
98.4 
98.2 
98.5 
98.3 
98.5 
98.3 



3530 
5528 
3555 
3540 
3560 
3555 
3538 



• 100 
.100 
.100 
.050 
.050 
.100 



17.25 
17.25 
17.25 
17,25 
17.25 
17.25 



.100 17.25 



87.3 86.0 



STKAU PRXSSURS, 74 POUHDS 



P. M. 




Load, 


50 inporaa at 


115 Volte 








4:00 




98.7 


3555 


.150 


5.75 




4:05 


80.0 


99.1 


3555 


.100 


5,75 




4:10 


60.0 


99.1 


3535 


.100 


5.75 




4;i5 


81.0 


99.0 


3540 


.100 


5.75 




4:20 


90.0 


99.3 


3670 


.100 


5.76 




4:25 


80.0 


99.3 


3520 


.100 


5.75 




4:30 


80.0 
481.6 


99.0 


3555 


.100 


5.76 

167,3 


166.0 






Load, 


75 mperes at 


115 volts 




4:30 




99.0 


3555 


.100 


8.63 




4s35 


91.0 


98.8 


3545 


.100 


8.63 




4:40 


92.0 


98.7 


3550 


.100 


8.6S 




4:45 


91,0 


98.9 


3560 


.100 


8.63 




4:50 


91.0 


98.9 


3550 


.100 


8.63 




4:55 


91.0 


98.9 


3560 


.100 


8.63 




5:00 


92.0 


98.8 


3530 


.150 


8.63 

127.0 


125.5 






Load, 


100 jtBiporea at 


115 volts 




5; 00 




98,6 


3530 


.150 


11.5 




5;05 


102.0 


98.7 


3525 


.150 


11.5 




5:10 


103*0 


98.8 


3565 


.150 


11.5 




5;i5 


102.0 


98,9 


3550 


.150 


11.5 




5:20 


105.0 


98.7 


3550 


.150 


11.5 




5:25 


102.0 


98.9 


3540 


.150 


11.5 




5:30 

4 


105.0 


98.8 


3545 


.150 


11.5 





"BlffTU 



107.6 106.5 
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Load, 150 Anperes at lis volts 



5:so 




98.8 


3545 


.150 


17.25 






5:55 


123.0 


98.7 


3560 


.100 


17,25 






5:40 


125.0 


98.9 


3560 


.100 


17.25 






5:45 


123.0 


98.9 


3530 


.100 


17.25 






5:50 


121.5 

4dS.5 


98.9 


3525 


.100 


17.25 


85.5 


84.0 



STIAlI PRESSURE, 84 POUKDS 



P. M. 




















Load, 


50 Anperes at 115 


Volts 






i;30 




98.8 


3520 


,200 


6.75 






1:35 


80.0 


99.2 


3590 


.050 


5.75 






1:40 


78.0 


99.3 


3600 


.050 


5.76 






1:45 


80.0 


99.3 


5600 


.050 


5.75 






i;50 


81.0 


99.4 


5600 


.050 


6.75 






i;55 


82.0 


99.2 


5590 


.100 


5.75 






2:00 


83.5 
4ft4.S'- 


99.2 


5800 


.100 


5.75 


168.5 


167.0 






Load, 


75 Anperes at 115 Volts 






2:00 




99.2 


5600 


.100 


8.63 






2:05 


91.0 


98.8 


3575 


.100 


8.65 






2:10 


92.0 


98.8 


3560 


.050 


8.63 






2:15 


92.6 


98.9 


5570 


.050 


8.85 






2:20 


91.0 


98.9 


5548 


.100 


8.65 






2:26 


91.5 


99.0 


5660 


.100 


8.63 






2:30 


92.0 


98.7 


3555 


.100 


8.65 








5^0.0 










127,5 


126.2 






Load, 


100 Amperes at 115 Volts 






2130 




98.7 


3535 


.100 


11.5 






2:35 


106.0 


98.6 


3500 


.100 


11.5 






2:40 


105.0 


98.6 


3525 


.100 


11.5 






2:45 


105.0 


98.8 


3527 


.050 


11.5 






2:50 


102.5 


99.1 


3545 


.050 


11.5 






2455 


102*0 


99.1 


3542 


.100 


11.5 






5*00 


104.0 
854.6 


99.1 


3525 


.100 


11.5 


108.6 


107.3 
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Load, 


150 Amperes at 


115 Volts 


s:oo 




99.1 


3525 


.100 


17.25 


3; 05 


124.0 


99,1 


3560 


.100 


17.25 


3;10 


124.0 


99.1 


3510 


.100 


17.25 


3:15 


125.0 


99,1 


3515 


.100 


17.25 


3:20 


124.0 


99.1 


3520 


.100 


17.25 


3:25 


121.0 


99.0 


3525 


.100 


17.25 


3jS0 


124.0 
7-42.0 


98.9 


3515 


.100 


17.26 

86.0 85.0 



STIAU PRESSURE, 94 POUNDS 



A. U. 


















Load, 


50 Amperes at 


115 Volts 




10J05 




98.8 


3600 


.050 


5.75 




10:10 


83.0 


98.8 


3600 


.050 


5.75 




10:15 


77.0 


99.0 


3585 


.000 


5.75 




10i20 


82.0 


98.7 


3600 


.000 


5.76 




10;25 


81.0 


98.8 


3580 


,000 


5.75 




io;so 


80.0 


98.5 


3560 


.000 


5,75 




10:35 


80.5 


98.5 


3580 


.000 


5,76 

168.0 


166.2 






Load, 


75 Amperes at 115 volts 




10; 35 




98.5 


3600 


.000 


8.63 




10:40 


95.0 


96.8 


3565 


.000 


8.63 




10:45 


96.5 


96.3 


3545 


.000 


8,63 




10; 50 


98.0 


98.0 


3600 


.000 


8.63 




10:55 


91.0 


98.7 


3540 


.000 


8,63 




11; 00 


92.0 


98.8 


3540 


.000 


8,63 




11:05 


90.0 


98.5 


3560 


.000 


8,63 

130,0 


126.0 






Load, 


100 Amperes at 


115 Volts 




11:05 




98.5 


3560 


.050 


11.5 




11:10 


105.0 


96.6 


3530 


.000 


11.5 




11:15 


107.0 


97.8 


3560 


.000 


11,6 




11:20 


103.0 


98.6 


3550 


.050 


11.6 




11.25 


102.0 


98.5 


3550 


.050 


11.5 




ii;so 


102.0 


98.2 


3545 


.000 


11,6 




ii;35 


103.0 
622.0 


98.5 


3540 


.050 


11.5 

108,5 


105.0 
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Load, 


150 juoperes at 


115 Volts 


ii;s5 




97.2 


3540 


.050 


17.25 


ii;40 


126,0 


98.0 


3540 


.050 


17.25 


11:45 


124.5 


98.4 


3535 


.050 


17.26 


ii;50 


124.0 


98.5 


3530 


.050 


17.25 


11:55 


124.5 


98.3 


3525 


.050 


17.25 


12:00 


124.0 


98.1 


3525 


.050 


17.25 


12:05 

1 


122,0 
746.0 


96.5 


3525 


.050 


17.26 

84.5 82.8 






Load, 


200 mpvTBs at 


115 VOltB 


12; 06 




98.1 


3625 


.150 


23.00 


12:10 


148.0 


96.5 


3510 


.150 


23.00 


12*15 


144.0 


98.8 


3500 


.150 


23.00 


12:20 


147.5 


98.2 


3520 


.150 


23.00 


12:25 


146.0 


97.5 


3535 


.150 


23.00 


12:50 


152.5 


97,7 


3510 


.150 


23.00 


12:35 


145,0 
88S,0 


98.0 


3500 


.150 


23.00 

76.8 74.5 






Load, 


250 junperes at 


115 Volte 


1:00 




98.4 


3300 


•200 


28.7 


i:06 


175.5 


98.5 


3480 


.200 


28.7 


1:10 


163,0 


98.4 


3490 


.200 


28.7 


i;i5 


163.0 


98.4 


3500 


.200 


28,7 


1.20 


166,5 


98.5 


3500 


.200 


28.7 


1:25 


16S.5 


98.8 


3520 


.200 


28.7 


i:so 


165.0 


98.8 


3520 


.200 


28.7 

69.4 68.3 
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TEST OP BATTBBY EQUIPWCNT 

The test of this equlinaent was made on trains nunibers 
47 and 48 xoinnlng between Chloago and Ulnneapolls. The 
equipment oonslsted of one battexy of 48 cells of 160 anpere 
ho\ir oapaolty of the American Battery Co. on each oar. 
These batteries supply the line directly through switches 
placed conveniently In closets In each car, which are thrown 
In or out as desired by the porter. The equipment Is ex- 
tremely simple as no regulating device or complicated mechan- 
ism Is In the circuit. 

The OPERATION of the batteries Is as follows:- a charge 
Is given the batteries during the day at Ulnneapolls, which 
Is followed by the dlscliarge during that night In the run to 
Chicago; at Chicago the batteries are again charged and are 
discharged on the return trip to Minneapolis. 

The charging at Minneapolis Is accomplished t>y means of 
a Curtis TUibo Generator Set of the type and capacity used in 
the baggage car equipments of this road, described above In 
t2ie first test. The turbo generator set Is Installed with a 
boUer of sufficient capacity in a treme building, beside 
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Which the train of oars stand during the day. Boiler prea- 
sure la maintained at 120 pounda and the txirblne operates 
very satisfactorily, requiring very little attention on the 
part of the attendant. The current leads pass from the 
generator to a swltchhoard containing switches, ammeters and 
voltmeters, from which they pass to a pole line beside the 
tracK. At the car desired, a tap connected to a olhbs con- 
nector leads off, and In charging Is connected with the bat- 
tery circuit. As soon as the train la backed Into the track, 
the proper connections are made and the charge begins. The 
charge at Ulnneapolls Is usually started within a half hour 
after the arrival of the train at the depot. Barring a shut 
down from twelve to one at noon, the batteries are charged 
continuously from eight-thirty in the morning until five- 
thirty in the afternoon, at about 110 volts. 

The charge at Chicago is accomplished similarly except 
that the charging unit is a dynamo with belt connections to 
a vertical steam engine, in what is Xnown as the 12th Street 
charging station. 
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UXTHOC OF TSSTINO 

In maKlng the test of this equipment switches were 
plaoed In the battery olroults of eaoh oar by means of whloh 
an ammeter oo\ad be plugged In and the current of the line 
sent through It without Interruption of the service. These 
switches were placed on each car, In the closet containing 
the line and light switchboard. Voltage readings were ob- 
tained by placing contact points connected directly to the 
voltmeter on the two lines of the circuit • As Indicated by 
the data, readings of the pressure and current were taken at 
regular Intervals throughout three charges and discharges of 
the batteries. The charges were made In the irards at Ohlcago 
and Minneapolis and the discharges on the runs between 
Chicago and Minneapolis. The separate charges and dis- 
charges of the four cars tested are plainly Indicated on 
Plates XI - XVIII which follow. 
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DISCUSSIOK OP RESULTS 



The results of the DATTlPy TEST Indicate that the bat- 
teries are In good oonditlon slnoe their average effiolenoy 
figures out 49 ^. The efflolenoy of the batteries on Chair 
car 4151 Is high, due to some unexplalnable oause. As seen 
in the curve of battery charge on Plate XIV the charge on 
the 12th was very Irregular - there being but a small Input 
until four In the afternoon, when the Input suddenly In- 
creased from a value very near zero to 4 K. V, This erratic 
action Is difficult to e3g;>laln and leads to the conclusion 
that a connection was probably loose during the day and was 
tightened at the time the Increase In Input occurred. The 
charges on the 13th and 14th were normal and the charge on 
the 12th raises the efficiency somewhat. 

The data indicates that the batteries were not heavily 
taxed at any tine during the trips and the curves show that 
the voltage was up fairly high at the end of the discharges. 

A point of Importance is the extreme simplicity of the 
syst^n - there being no complicated mechanism, and no atten- 
dant is required on the train to keep the service in order - 
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DATA OP BATTEHT TEST 



TESTS OH TRAINS 47 AMD 48 
RUWlTIlia BETWEEir CHICAOO AND MINNEAPOLIS 

CHAIR CAR NUUBSR 501 



Time 


itm- 




Output 


Time 


Am- 


input speolflo 


P. M. 


pores 


Volte 


K. W. 


A. M. 


peres 


Volts K. ¥. Oravity 


Dlsoharge May 11, . 


1906 




Charge May 12, 1906 




Chicago to Mlimeapolls 




Yards 


at Minneapolis 




6;30 








8530 








7; 00 


5.6 


97.0 


.543 


9;so 


18.6 


105.0 1.950 




7;so 


11.8 


95.0 


1.120 


9:45 


18.8 


108.0 2.050 




8;i5 


12.4 


93.5 


1.160 


10:30 


— 


_ . ■. 


1195 


8;s0 


12.4 


95.0 


1.150 


li;i5 


20.0 


IIB.O a.JMO 




9:00 


6.9 


90.0 


.621 


11:30 


14.8 


113.0 1,675 




9:so 


6.9 


90.0 


.621 


12:00 


14.8 


113,0 1.675 




10:00 


5.S 


89.0 


.472 


12:00 


- 1:00 


1 shut down. 




iO:so 


5.S 


89.0 


.472 


12:45 


— 


— _ — 


1200 


11:00 


4.0 


87.0 


.458 


1:00 


7.2 


115.0 .850 




ll:SO 


5.0 


89.0 


.257 


1:30 


7.2 


116.0 .850 




12:00 


5.4 


89.0 


.312 


2:00 


6.9 


116.0 .800 




12:45 


2.5 


89.0 


;222 


2:30 


8.6 


118.0 1.012 




l:16 


1.5 


89.0 


.133 


3:00 


13.2 


121.0 1.600 




2:00 


2.1 


88.0 


.185 


3:50 


17.8 


123.0 2.190 




2:S0 


2.2 


88.0 


.195 


4:15 


12.6 


121,0 1.515 




s:l5 


2.7 


89.0 


.241 


4:so 


13.0 


121.0 1,575 




3:30 


3.0 


88,0 


.264 


6:15 


12.9 


121,0 1,666 




4:15 


4.4 


87.0 


.387 


6:30 


— 


_ — — 


1216 


4:so 


4.6 


87.0 


•422 










5:15 


4.4 


86.0 


.378 


Charge - 8 


hours. 




5:50 


4.8 


87.0 


.422 










6:15 


S.2 


87.0 


.281 


Average K. 


r. - 1.48 




6:50 


5.0 


86.6 


.269 










7:00 


4.0 


88,0 


.610 


K. W. 


hour 


Input - 11,85 




7:so 


5.8 


87.0 


,504 
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Sisoharge - is hours. 

Average K. W. - ,4 

K. Y. hour output - 5.8 



Discharge May 12, 1906 
UUmeapolls to Chicago 



7 ISO 








7:56 


15.6 


94.0 


1.270 


9:00 


9,0 


92.0 


.828 


9:so 


8,4 


91.6 


.769 


10:00 


4,8 


91.5 


.458 


10:50 


4.5 


91,5 


.411 


11:00 


4,2 


92,0 


.586 


12:00 


1,0 


92.0 


.092 


2:00 


.5 


95.0 


.028 


5:00 


1.5 


92.0 


.119 


s:so 


1*6 


92.0 


.158 


4:00 


2.0 


92.0 


.184 


6:15 


4.4 


91.0 


.400 


5:55 


5,6 


90.0 


.542 


6:S0 


5.8 


90.0 


.542 



Discharge - 11 hours. 

Average K. W. - .4 

K. w. hour output - 4.4 



Discharge May 15, 1906 
Chicago to Mlxmeapolls 



6:05 






6:50 


15.6 


96.0 


7:00 


8.0 


95.0 


8:00 


9.0 


92.0 


9:00 


9,6 


89.0 


9:45 


12.2 


86.0 


11:00 


10.5 


85.5 



1.505 
.760 
.828 
.855 

1.060 
.946 



Charge llay 15, 1906 
Yards at Chlongo 



9:50 

10:00 

10:50 

11:16 

11:45 

12:45 

1:00 

1:46 

2:50 

5:50 

4:15 

4:50 



1195 



24.2 
15.0 
15.0 
12,5 
11.0 
12.5 
11.5 
22.0 
25.5 
25.6 



108.0 
109.0 
110,0 
115.0 
116.0 
125.0 
122.0 
128.0 
128.0 
128.0 



2.616 
1.656 
1.650 
1.455 
1.275 
1.555 
1.460 
2.820 
5.000 
5.000 



1217 



Charge - 6 houre, 4C minutes. 
Average K. W. - 1.96 
K. Y. hour ixnmt - 15 



Charge Utiy 14, 1906 
Yards at Minneapolis 



8:sO 
9:00 
10:15 
11:00 
11:16 
11:45 
12:00 



27.0 
21.5 
17,6 
15.7 
19.7 



105.0 
106.0 
107,0 
107.0 
110,0 



2.780 
2.260 
1.885 
1.680 
2.170 



-1:00 shut down. 
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12:45 


5.5 85.5 


.686 


1:00 14,0 


108,0 


1.510 


2:45 


7,0 85.6 


,584 


1:40 9.0 


107.0 


.965 


s:oo 


4,7 84,0 


.594 


2:50 10.6 


110.0 


1.275 


4:50 


1,6 81.0 


.122 


5:50 7.8 


111.0 


,865 


5:00 


5.8 82.0 


.512 


4:S0 15.2 


119,0 


1.570 


5:45 


4,0 82,0 


.528 


6:16 9.6 


125.0 


1.189 


6:00 


4,0 82,0 


.528 


5:50 9.5 


125.0 


1.189 


Discharge - 11 hours 


1, 55 


Charge - 8 


hours. 




minutes 


• 




Average K. 


t.- 1.72 




Average 


K, W, -.47 




K. V. hOtZFS 


Input - 


15.75 


K. W. hour output - 


8.54 









Average output - . . . Av«rage input - 

5.98 K. T, hours. 12.86 K. W. hours. 

Efficiency - 46.5 ^ 
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SLEXFXR PAHTRSON 



Tine in- Output 

P. M. peya Volts K, ¥. 



Tine An- Input Speolflo 
A. M, perea Volta K. ¥. gravity 



Blaoharse May 11, 1906 
Ohloago to MlimeapDila 



Charge Hay 12, 1906 
Tarda at Mlnneapolla 



6:50 








8:50 








7:00 


11.0 


96.0 


1.042 


9:50 


20.4 


96.0 


1.960 


7: so 


11,0 


95.0 


1.042 


10:16 


— 


— — 


1160 


8:00 


18.6 


94.0 


1.760 


10:45 


21.0 


109.0 


2.290 


8:50 


16.8 


95.0 


1.470 


11:00 


27.0 


115.5 


5.070 


9:15 


15.8 


92.0 


1.270 


11:50 


25.2 


112.5 


2.610 


9:50 


10.8 


91.0 


.986 


12:00 


25.2 


US.O 


2.650 


10:00 


6.7 


90.0 


.605 


12:00 


- 1:00 


ahut down. 


10:50 


6.9 


88.0 


.870 


12:46 


— 


— — 


1185 


11:00 


8.4 


87.0 


.741 


1:50 


14.2 


115.0 


1.610 


11:50 


4,5 


89.0 


.586 


2:00 


14.8 


116,0 


1.720 


12:00 


4.7 


89.0 


.418 


2:50 


11.0 


120,0 


1.520 


12:45 


4.5 


88.5 


.581 


5:00 


14.4 


124.6 


1.790 


1:15 


5.4 


89.0 


.505 


5:50 


17.0 


126,0 


2.140 


2:00 


5.4 


88.0 


.299 


4:16 


8.8 


122.0 


1.070 


2:50 


5.5 


88.0 


.291 


4:50 


11.6 


125,0 


1.450 


5:15 


2.8 


88.0 


.247 


5:16 


10.8 


125.0 


1,350 


5:50 


2.8 


88.0 


• 247 


6:50 


10.6 


125.0 


1,550 1211 


4:16 


2.5 


87.0 


.217 










4:50 


2.5 


86.6 


.199 










6:00 


1.7 


86.6 


.146 










6:50 


1.8 


86.0 


.156 










6:15 


1.0 


86.0 


.086 










6:50 


0,9 


86.0 


.072 










7:00 


0,4 


87.0 


.054 










7:50 


0,8 


86.0 


.068 










Slacharge - 


15 houra. 


Charge - 8 


hour a. 




Average K. W 


..- .67 . 


Average K. 


V. - 1.92 


K. 1. 


hour output 


- .74 


K. ¥. 


Input 


- 15.55 
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Dlaoharge Uay 12, 1006 
Minneapolis to Ohloago 



Charge Uay 15, 1006 
Yards at Ohloago 



7:50 








0:50 


— 


- - - 1150 


8:00 


10.2 


06.0 


1.941 


10:00 






0:00 


17.4 


05.0 


1.655 


10:50 


20.6 


107.0 2.210 


o:so 


15.2 


05.0 


1.255 


11:15 


18.5 


108.0 2.000 


10:00 


0.0 


05.0 


.855 


1:15 


25.5 


115.0 2.950 


10:50 


7.0 


95.0 


•655 


1:45 


18.0 


122.0 2.200 


11:00 


5.9 


05.0 


.561 


2:50 


16.0 


124.5 1.995 


12:00 


4.5 


95.0 


.409 


5:50 


16.5 


127.5 2.105 1212 


2:00 


5.5 


92.6 


.505 


4:50 


15.0 


127.6 1.106 


5:00 


4.1 


92.0 


.577 








4:00 


5.4 


92.0 


.515 








5:00 


5.5 


92.0 


.505 








6:00 


2.1 


95.0 


.196 








6:50 


2.1 


95.0 


.196 








Discharge - 


11 hours. 


Charge - 6 


hours, 40 minutes. 


Average K. f 


. - .67 


Average K. 


W. - 2.2 


K. V. 


hour output 


- 7.56 


K. W. 


Input 


- 14.68 


Discharge Uay 15, 


1906 


Charge May 14, 1006 


Ohloago to Minneapolis 


Yards at Minneapolis 


6:50 






1.082 


8:50 






9:00 


12.5 


88.0 


1.272 


9:00 


21.0 


106.0 2.250 


9:40 


14.8 


86.0 


.705 


9:15 


19.2 


108.0 2.070 


11:00 


8.2 


86.0 


•510 


11:00 


19.5 


110.0 2.160 


12:45 


5.6 


86.0 


.168 


11:46 


25,5 


114.0 2.010 


2:so 


2.0 


84.0 


.155 


12:00 


- 1:00 


Shut down. 


5:00 


1.6 


85.0 


.125 


1:00 


17.8 


110.0 1.060 


4:50 


1.5 


82.0 


.082 


2:50 


11.2 


111.0 1.240 


5:45 


1.0 


82.0 


.066 


5:50 


10.4 


114.0 1.500 


6:50 


0.8 


85.0 


.066 


5:15 

5:50 


18.2 
18.2 


127.5 2.520 
127.5 2.520 


Dlsoharge - 


12 hours. 


Charge - 8 


hours. 


Avorag 


e K. 1 


'. - .5 


1 


Avera 


ire K. 


V. - 1.07 



K. ¥. hour output - 6.12 



K. w. hour Input.- 15.72 
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Average output - Average Input - 

6«96 K. 7. ho\xr8, 15.25 K. W. hours. 

Bffloienoy - 45.0 ^ 



SLEEPER APOLLO 



Time 


Am- 




Output 


Tine 


Am- 


Input Specific 


P. M, 


peres 


Volts 


K. ¥. 


A. U. 


peres 


volts K 
12, 1906 


. W. Ol 


•avlty 


Slsoharge May 11, 


1906 


Charge Uay 




Chicago to Ulzmeapolls 


Yards 


at Ulimeapolls 




6:30 








8:30 










7:00 


7.4 


97.0 


.717 


10:16 


— 


— — 


— 


1213 


7:30 


14.8 


95.0 


1,405 


10:45 


30.0 


110,0 


3.300 




8:30 


15.7 


94.0 


1.475 


11:00 


35.0 


112,0 


3.920 




9:00 


20.0 


92.0 


1,840 


11:30 


24.0 


112,0 


2,690 




9:45 


20.0 


85.0 


1,710 


12:00 


24.0 


112,0 


2,690 




10:00 


16.6 


81,0 


1,345 


12:00 


- i:oc 


) shut down. 




10:30 


17.5 


78.0 


1,366 


12:45 


— 


— — 


— 


1235 


11:00 


10.3 


87,0 


,896 


1:00 


19,5 


114,0 


2.320 




11:30 


6.0 


90.0 


,540 


2:00 


19.5 


118,0 


2.300 




12:00 


S.8 


88,0 


,510 


2:30 


13.4 


120,0 


1,610 




12:40 


4.8 


89,0 


,427 


3:00 


16.0 


123,0 


1,966 




1:16 


3.7 


98.0 


,329 


' 3:30 


17.0 


126,0 


2,140 




2:00 


3.7 


88,0 


,325 


4:00 


17.0 


120.0 


2,040 




2:30 


3.8 


90.0 


.342 


4:50 


9.7 


122,0 


1,182 




3:00 


3.2 


88,0 


.281 


6:15 


9,4 


122,0 


1,145 




. 3:30 


3.0 


88,0 


.264 


6:30 


9,4 


122,0 


1,145 


1252 


4:00 


2.0 


88.0 


.176 












4:30 


2.0 


87,0 


,174 












5:00 


1.8 


87.0 


,156 












5:so 


1.6 


86,0 


,129 












6:00 


1.4 


85.0 


,119 












6:30 


1.2 


86.0 


,103 












7:25 


1.4 


85.0 


,119 












7:30 


1.4 


85.0 


,119 

1 












Bis charge - 


1 

13 hours. 


Charge - 8 


hours. 






Average K. 


¥. - .( 


87 


Average K. 


W. - 2154 




K. W. 


hour 


output 


- 8,72 


K. W. 


hour 


Input - , 


80,3 
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Dlsoliarge May IB, 


1906 1 


Charge Ifay 15, 1906 




UlnneapollB 


to Chicago 


Yards 


at Chloago 




7:50 








9:50 


«. 


^^ .. 


•• 


8:00 


14.5 


97.0 


1.405 


10:00 








9:00 


14,5 


96.5 


1.400 


10:45 


25.0 


109.0 


2.510 


9:30 


7.4 


96.0 


.710 


11:00 


18.0 


109.0 


1.965 


10:00 


7.4 


95.0 


.704 


11:50 


25.0 


100.5 


2.510 


10:50 


2.5 


97.0 


.242 


12:00 


25.0 


115.5 


2.610 


11:00 


2.6 


97.0 


.252 


1:00 


25.0 


118,0 


2.950 


12:00 


2.5 


96.0 


.240 


1:45 


20.0 


124.0 


2.480 


2:00 


1.6 


96.0 


.144 


2:50 


21.0 


126.5 


2.660 


8:00 


1.5 


96,0 


.144 


5:00 


24.5 


126.5 


5.150 


4:50 


15.9 


92.0 


1.280 


4:50 


22.5 


128.5 


2.890 


4:50 


15.5 


92.0 


1.241 











Discharge - 9 hours, 20 

minutes* 

Average K, V. - .6 

K. W. hour output -- 5,6 



1240 



1265 



Charge - 6 hours, 40 minutes. 



Average K. ¥. - 2.5 

C. w. hour input - 16.65 



Discharge Uay 15, 1906 
Chicago to Minneapolis 



Charge May 14, 1906 
Tarda at Minneapolis 



6:50 

7:00 
8:00 
9:00 

9:45 

11:00 

12:45 

2:so 
5:15 
4:15 
5:50 



10.0 
11,4 
8,2 
8,5 
7,8 
5,0 
5.0 
5,0 
3.0 
5.0 



95.0 
95,0 
95,0 
95,0 
94,5 
94,0 
95.5 
95.5 
93.0 
95.0 



.950 
1.082 
,778 
,808 
.756 
,282 
,285 
,285 
,279 
,279 



8:50 








9:00 


15.5 


105.0 


1,415 


10:20 


12,1 


105,0 


1.270 


11:15 


14,2 


107.0 


1.620 


12:00 


14.2 


107,0 


1,520 


12:00 


~ 1:00 


shut down. 


1:00 


15.5 


108.0 


1.457 


1:45 


8,7 


108.0 


.940 


2:50 


8,4 


110.0 


.925 


S:i5 


6,5 


112.0 


.728 


4:30 


6,3 


120.0 


.756 


5:15 


12.7 


125.0 


1.585 


5:so 


12.7 


126,0 


1.585 
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Average output ~ Average Input - 

8.69 K, V. hottrs. 17.89 K. IT, hours. 

Efficiency - 50, s ^ 



OKAIR OAR HUUBER 4151 



Tine aq- Output 
p. M. peres Volts K. V, 



Time Am- Input Specific 
A, M, peres Volts K, V. Gravity 



Discharge May 11, 1906 
Chicago to Minneapolis 



Oharge May 12, 1906 
Yards at Minneapolis 



6:30 








8:30 








7:00 


9.0 


97.0 


,876 


. 9:30 


6.0 


105.5 


,527 


7: so 


12.2 


97.0 


1.182 


10:15 


— 


— 


1240 


8:00 


13.2 


96.0 


1.268 


10:45 


0.2 


111.0 


.022 


8:45 


12.0 


95.0 


1.140 


11:00 


0.2 


113.0 


.025 


9:00 


12.8 


95.0 


1.215 


11:45 


0.2 


113.0 


.023 


9:45 


10,2 


95.0 


,969 


12:00 


0.2 


114.0 


.023 


10:00 


6.8 


94.0 


.659 


12:00 


- l:OC 


1 shat down. 


10:30 


7.0 


94.0 


.657 


12:45 


— 


— 


1246 


11: so 


13.5 


91.0 


1.229 


l:so 


0.2 


115.0 


.023 


12:00 


7.0 


93.0 


.650 


2:00 


0.2 


115.0 


.023 


12: so 


7.0 


91.0 


.656 


2:so 


0.1 


120.0 


.012 


1:15 


2.6 


95.0 


.247 


8:00 


0.1 


124.0 


.012 


2:00 


2.5 


95.0 


.237 


3:45 


0.0 


127.0 


.000 


2:30 


2.5 


94.0 


.235 


4:00 


35.0 


113.0 


3.960 


s:00 


2.5 


94.0 


.235 


4:30 


35.0 


117.0 


4.690 


s:50 


7.0 


89.0 


.622 


5:15 


35.0 


118 .0 


4.130 


4:00 


2.5 


93.0 


,232 


. 5:30 


36.0 


118,0 


4.130 1265 


4:30 


2.5 


93.0 


.232 










Discharge - 


10 hours. 


Charge - 8 


hours. 




Average K. V 


. - .73 


Average K. 


V. - .9 




K. ¥• 


hour output 


- 7.3 


K. V. 


hour 


Input - 


7.2 
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i)l80harge May 12, 


1906 


Charge May 15, 1906 




Minneapolis 


to Chloago 


Yards at Chloago 




7:50 








9:50 


— •» 


1197 


8:00 


19.0 


96.5 


1.855 


10:00 20.9 


108.0 


2,250 


9:00 


18.0 


96.5 


1.740 


10:50 20.7 


109.0 


2,250 


9:50 


14.7 


95.0 


1.410 


11:15 20.0 


111.0 


2,220 


10;00 


7,0 


95.0 


.665 


11:45 19.5 


112.0 


2,190 


10:30 


6.0 


96.0 


.480 


12:45 18.4 


116.0 


2,120 


11:00 


5.2 


95.0 


.500 


1:00 18.0 


118.0 


2.120 


12:00 


4.3 


94.0 


.404 


1:45 16.7 


121.7 


2.050 


5:00 


4.5 


92.0 


.596 


2:50 18.0 


125.0 


2.250 


4:00 


5.8 


92.0 


.550 


5:00 19.7 


127.0 


2.500 


5:00 


4.0 


92.0 


.368 


3:50 16.5 


128,0 


2.370 1252 


6:00 


2.8 


93.0 


.260 


4:50 1615 


128.0 


2.120 


6:50 


2.8 


95.0 


.260 








Dlsoharge - 


11 hours. 


Charge - 6 


hours, 40 minutes. 


Average K. V 


'. - .67 


Average K. 


W. - z,z 




K, W. 


hour output 


- 7.36 


K. W. hour 


input - 


14.65 


Slsoharge May 13, 


1906 


Charge May 14, 1906 




Chloago to Minneapolis 


Yards at Minneapolis 


6:00 








8:30 






7:00 


25.0 


95.5 


2.195 


9:00 16.2 


106.0 


1.720 


8:00 


20.8 


95.0 


1.975 


10:15 18.8 


107,5 


2.020 


9:00 


20.2 


89.0 


1.799 


11:15 19.1 


109.0 


2.085 


9:45 


15.4 


88.0 


1.180 


12:00 21.5 


111.0 


2.390 


10:00 


5.6 


86.0 


.462 


12:00 - i:OC 


I Shut down. 


12:45 


2.2 


86.0 


.189 


1:00 17,2 


109.0 


1.875 


2:45 


1»7 


84.0 


»143 


1:40 10.5 


108,0 


1.220 


5:00 


1.6 


85.5 


.134 


2:50 12.2 


110.6 


1.590 


4:30 


3.0 


82.0 


.246 


5:50 12.7 


112.0 


1.265 


6:46 


1.5 


82.0 


.123 


4:30 11.8 


120,0 


1.415 


6:so 


1.0 


85.0 


.085 


5:15 18.2 
5:30 18.2 


126,0 
126.0 


2.280 
2.280 


Dlsoharge - 


12 hours, 30 1 








minutes. 






Charge - 8 


hours. 




Average's. 1 


^ .. ft 




Average K. 


W,-r 1.99 




K. V. 


hour output ■ 


- 10,0 


K. V. hour 


Input - . 


16,92^ 
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Blsoharge - 11 hours. Charge - 8 hours. 
Average X« W. - .42 Average K, W. - .962 
K. ¥. hour output - 4.51 K, W. hour Input -• 7.7 
Average output - Average Input - 

5.8 K. w. hours. 10.51 K. W. hours. 

Efflolenoy - 55.0 ^ 



Battery Sff iolenciles and Average 



Chair Car Number 501 


46.5 ^ 


Sleeper Pantheon 


46.0 ^ 


Sleeper Apollo - - - 


50,5 ^ 


Chair Car Number 4151 


56.0 <f> 



Average Ifflolenoy - - 49.2 ^ 
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TEST OF FAKNSWORTH OONSOLIDATID AXLE EQUIPUSNT 



The axle driven eQUlpment of the Consolidated Faxnsworth 
type consists essentially of a generator, pole oharger, bat- 
tery, regulator, autonatlo swltoh, and vlrlng and switches 
within the car. 

The omsiUTOR, Plate zx, Is a bipolar, simple, shunt 
wound type and is provided with self oiling bearings. It Is 
encased In a dust proof wrought Iron casing, which Is pro- 
vided with sxiltable covers and hand holes for repairs and In- 
spection. It Is suspended by Irons bolted to the outer face 
of the forward truck sill, (see Plate XXI) and Is pivoted on 
a rockier roller, a heavy adjustable spring ( A ) maintain- 
ing proper belt tension. The generator Is equipped with a 
pulley ten and one-fourth Inches In diameter which Is belted 
to a large axle piaiey. These pulleys are perforated to per- 
nit the removal of sand and cinders from the belt surface. 

The generator FIELD PIECES are supplied with a few 
sheets of hard steel to Insure proper polarity of the fields. 

The POLE CHAROER Is that part of the apparatus which 



Digitized by 



Google 



Digitized by 



Google 



40 

maintains proper polarity In the olroult Irrespeotlve of the 
dlreotlon of oar motion and oonalsts of a worn fitted on the 
azmature shaft (Plate XX, at a } this engaging with a worm 
wheel on which Is mounted a oam of peculiar oonstruotloni 
suoh that If the direction of car motion be forward the cam 
follower will run continuously In the oam slot, t>ut If the 
dlreotlon of oar notion be reversed, thus also reversing the 
dlreotlon of rotation of the oam, the follower will be 
forced through a diagonal slot Into another groove, where 
It will remain as long as the dlreotlon of motion Is the 
same. As this cam follower Is forced Into this slot on re- 
versal of car motion It causes a switch shown at (d) to be 
thrown In the reverse direction thus maintaining proper po- 
larity In the external circuit Irrespective of the direction 
of oar motion. 

This Is obviously very essential to the operation of 
the equipment for If the generator were thrown on the line 
with wrong polarity It would cause an Immediate short cir- 
cuit of both generator and battery through each other. 

The BATTEKV Is compoaed of 16 oells of 240 ampere hour 
capacity of the type 13 I of the Electric Storage Battery Co. 
which are located xinder the oar. The battery Is oonneoted 
In parallel with the generator and line, serving to aot as 
auxiliary In maintaining the lights lit while the generator 
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Is Inoperative. 

The REGULATOR Is the liiq;>ortant part of this eaulpnent 
from a teohnloal point of view. It Is shown ooiqplete on 
Plate XXII and wiring detail oonneotlons on Plate XXIII. 
The principle on which the regulator Is based Is that of 
voltage control hy variable resistance. It consists essen- 
tially of a large controlling solenoid (A), (see Plate XXII) 
an automatic switch ( c ) operated by the eleotronagnets ( B ) 
and (D), an operating motor (E), a field resistance, the 
contact points of which are shown at (H), and a lamp resis- 
tance at (If). 

As the train speed reaches such a value that the gener- 
ator voltage Is egual to that of the battery the magnetism 
created In the two generator shunt colls (D) which are 
mounted on a movable aim will be such as to <]raw themselves 
up to the magnet (fi), thus dosing the switch (G) connecting 
the generator In parallel with the battery and lights. 

As the generator speed Increases further the voltage 
tends to rise above that of the batteries and the generator 
assumes Its load. The generator current flowing through the 
large solenoid (A) will actuate an Iron plunger (J) In direct 
proportion to current flowing, this magnetic pull being 
counterbalanced by an adjtis table spring (K) the adjustment 
of which determines the value of the normal generator current. 
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Tbe motion of this nagnetloally controlled plunger Is trans- 
ferred Isy the lever azm ( ) to the control of two little 
ratohet dogs (P) which are being actuated bade and forth 
continually by an eccentric on the motor driven worn wheel 
(F). These little ratchet dogs engage with two ratchet 
wheels one of which Is right handed and the other of which 
Is left handed as per Plate XXIV, These wheels being rigidly 
mounted on the adjustable field rheostat am (R). When regu- 
lation Is necessary, one of the ratchet dogs (P) will be 
allowed to engage with Its corresponding ratohet wheel (0) 
and will cause It to be rotated, moving the field rheostat 
arm (R) to such a point as to produce the desired regulation. 
It Is obvious that only one of these motor driven dogs may 
be allowed to engage with Its corresponding wheel at one 
time. A lamp resistance (M) Is inserted In the lamp circuit 
when the generator becoos operative, to compensate for the 
difference between battery charging voltage and discharge 
voltage, thus maintaining constant voltage on the lamps. 
This Is effected by the rheostat arm resistance contact 
points at (U), being operated by a cam and follower nounted 
on the ratchet wheel (0) of such construction that It causes 
the resistance to be all Inserted at the first quarter turn 
of the ratchet wheel. 

The automatic switch (B, G, S) operates as follows:- I 
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when the magnetism In the generator shunt (D, D) beoomes of 
sufficient Intensity, they will be (Srawn up to (fi, fi) dos- 
ing the generator switch (C), The oolls (fi» B) are wound 
with heavy wire and all the generator current passes through 
them so that on closing the generator switch (C) the gener- 
ator current flowing through the colls (6, B) will Intensify 
the magnetic pull of the shunt oolls (£, C) and thus Insure 
good contact. The series colls (B,B) have also a very Impor- 
tant function In operating the automatic switch at the 
proper time, as the generator voltage falls below that of 
the battery, a current will flow In the reverse direction 
through the series colls (B, B) creating a magnetic flux in 
opposition to that of the shunt colls (D, D) and will actu- 
ally blow the switch open. If the shunt coll only, had 
been used to operate the automatic switch. It Is obvious 
that the battery pressure would tend to hold It closed, even 
far below the critical speed since the battery, generator, 
and shunt colls are all In parallel relation when the switch 
Is closed, and a destructive short-clroult would occur, or 
if the automatic switch did open it woiad do so under heavy 
arcing of this battery discharge current. 
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UCTHOS 07 TSSTINO 

The problem of tee ting suob an amparatus In actual 
operation on a railway train la a peoullarly dlffloult one. 
In the firat place everything In the system Is In continual 
fluctuation,- the speed of a train Is well Known to be ex- 
tremely variable, and It may be said that everything in the 
system fluctuates with train speed, thoiigh It must be said 
that the limits of fluctuation of generator pressure and 
current for change In speed are very small but still they 
are by no means constant. In addition to this the generator 
Is alternately thrown off and OAr at every stop and start, 
the lights being fed at one minute from the generator and at 
another from the battery, so that the e^ulivnent presents a 
rather chaotic appearance to one endeavoring to obtain a com- 
prehensive set of results. 

It was decided to take two different kinds of data, one 
of which might be called CETAIL DASA - which considers the 
detail operation of the equipment and Includes tliat data 
which woiad, when plotted In curves, show the relation be- 
tween speed, generator pressure, light pressure, battery 
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pres8i3cpe and pressure Inpressed aoross the field and the 
g«ierator current, light ourrent, battery current, and field 
current; readings being taX^ in nost oases from stop at one 
station to a stop at another, the train speed having in the 
Deantlne gone far above the critical speed. Sets of such 
data were taken at various tines throughout the day and 
nl^t as was deemed necessary. It was found t2iat the night 
conditions of generator operation were practically constant 
so long as all lights were kept burning, and therefore one 
good set of detail data each night was thought sufficient to 
show this operation, in the daytlioe, however, conditions 
were different. The batteries in the morning were partially 
discharged and as the li^^ts were thrown off, the generator 
began charging the batteries at slightly above noxnal 
voltage. As the batteries became more fully charged their 
pressure would rise and the generator pressure would rise 
proportionally, so it was necessary to take detailed data at 
more frequent Intervals during the daytime. 

In order to take almost simultaneous readings of gener- 
ator voltage, lamp voltage, battery voltage, generator cur- 
rent, lamp current, battery current and field current, for 
which but two ammeters and one voltmeter were available, a 
switchboard was constructed as shown in Plate XXIII, which 
made It possible to take the whole set of readings within 
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ten seoonds time. This swltoHboard contained all the numer- 
ous switches and Instruments used In maldng the tests and 
was placed In the closet which contained the regulator. In 
wiring to the regulator, lieavy Insulated copper cables were 
used corresponding to number 4, B and S gauge so that the 
loss in test connections would be a minimum. It may be 
easily seen on Plate xxill what connections were made from 
our switchboard to the regulator circuits, so as not to In- 
terfere with the operation of the equij^ent. 

The detail of the switchboard is self-evident and will 
not be further discussed here. 

The other set of data might be called, INTSaRATED DATA 
or data of totals. It Is evident that a knowledge of the 
total generator output, total consunptlon, total battery 
charge, total battery discharge and total tine of generator 
operation one of utmost importance to a consideration of the 
performance of the equipment. In order to deteitaine the 
generator output and line consumption, wattmeters of common 
intergratlng type were placed in each of the circuits and 
readings of dials taken at the beginning of the trip and 
twice each day - once when the lights were turned off in the 
morning and again when they were tiirned on in the evening. 
The separation of the battery charge and discharge presented 
a more complex problem as the current flows into the battery 
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one minute and out the next. To separate these two values 
of charge and discharge, a polarized relay was constructed 
as per Plate XXV to operate two wattmeters one of which re- 
corded hattery charge and the other battery diso2iarge« This 
polarized relay consists essentially of a heayy yoke of soft 
Iron wound with about forty turns of number four insulated 
copper wire tlirough which the total battery current passes 
tlxus creating one polarity on charge and the reverse polar- 
ity on dlscliarge. Suspended between the pole pieces of this 
yoke Is one end of an electromagnet of constant polarity. 
It consists of a small strip of soft Iron wound with four 
hundred t\irns of number twenty Insulated copper wire. This 
coll is placed In series with two lamps directly across the 
battery so that a constant magnetic flux is obtained. 
Fitted on either side of this swinging bar of iron is an in- 
sxUated brass button. Vhen the battery current flows in - 
say a charging direction, the reaction between the magnetism 
of the yoke and that of the swinging magnet will draw the 
latter over till the brass button makes contact between two 
adjustable points, thus completing the circuit through the 
voltage coil of the wattmeter registering battery charge. 
The current colls of both wattmeters are placed in series 
with the heavy coll of the relay so that all battery current 
must pass through oil three coils. On reversal of the 
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battery current the polarity of the heavy yoke will be re- 
versed and the swinging magnet will be drawn over to the 
other yoKe pole where the brass button on the other side of 
the swinging bar will make contact between the two contact 
points thus oonn[>leting the circuit tlirough the voltage coil 
of the discharge wattmeter causing It to record, the other 
wattmeter being inoperative. 

There are two pilot lights in the switchboard equipment 
which show when the corresponding wat'toeter Is operative, 
thus indicating whether or not the relay is working properly. 

The other variable factor which it was necessary to de- 
temine was the total time of generator operation. A dock 
was fitted up on the principle of a stop watch as per Plate 
XXVI. This clock was mounted on our switchboard, and an 
electromagnet was placed in the generator circuit so that 
during generator operation, the lever axm shown in Plate 
XXVI was drawn down and held firmly. Vhen thus held the 
lever arm pressed against. the balance wheel of the clock and 
prevented its moving. The instant current stops flowing in 
the coils of the electromagnet due to the generator becoming 
inoperative, the lever ana is raised by means of a spring, 
thus peznittlng the running of the clock. The clock thus 
records the total time tliat the generator is not supplying 
current to the line. 
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The SPEED of the train was determined by counting rail 
olloks, which In case of a thirty foot rail, the number of 
rail olloKs In twenty and one-half seconds gives directly 
the speed of the train In miles per hour. In case of a 
thirty-three foot rail the olloks were counted for twenty- 
two and one-half seconds. This was found to be a very sim- 
ple and sufficiently acc;rrate method of speed determination. 

On arriving at Chicago a STRAY POUnSR test of the gener- 
ator was made by rated motor method. The belt was removed 
and the generator driven at various speeds and no load on 
armature by means of a small motor, the losses of which had 
been prevlotisly measured. The Input of the motor was then 
measured while driving the generator light at various speeds 
and various excitations from which the power necessary to 
supply these generator losses was determined. Knowing the 
stray power losses and armature resistance of the generator 
the power absorbed from the axle by the generator while de- 
livering any load to the lighting equipment can readily be 
computed ft?om which efficiency curves follow. 
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IMPORTANT RESULTS OP TEST 



Chloago to Kansas City 



Total time of trip - - _ - 
Total time generator operative - 

Total time generator not operative - 

Total time of stops - - - - 
Total time generator running dead 
Total time lights on batteries - 

Total generator output _ ~ _ 

Total lamp consumption - _ _ 

Total battery charge - - - - 

Total battery discharge _ - - 



14 

11 

2 

1 
1 
2 



hours, 10 minutes 

hours, 35 minutes 

hours, 35 minutes 

hour, 22 minutes 

hour, 13 minutes 

hours, 35 minutes 

19,60 K. V, hours 

8,38 K, W. hours 

7,90 K. W, hours 

1,86 K, W, hours 



Kansas City to Chloago 

Total time of trip _ - - - 13 

Total time generator operative - - 10 

Total time generator not operative - 2 

Total time of stops - - - - 1 

Total time generator running dead - 1 

Total time lights on batteries - - 2 



hours, 42 minutes 

hours, 55 minutes 

hours, 47 minutes 

hour, 24 minutes 

hour, 23 minutes 

hours, 47 minutes 
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Total generator output 
Total lamp consumption 
Total battery oharge 
Total battery dlsoharge 



- 19.20 K, Y. hours 

- 7,28 K, W. hours 

- 7,03 K. W, hours 

- 1,87 K, W. hours 



Average generator efficiency - - - - -80.8^ 
Total efficiency of equipment ----- 40.4 



Readings were corrected for loss In test connections. 
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DISOUSSION OF RESULTS 

The most strlXlng of the results olstalned and that 
whloh Is of most critical Importance to the life of the 
ecnilpaent Is that the batteries are tremendously overcharged 
on both outgoing and return trips as seen by a conparlson of 
the values of battery charge and discharge on page 50. The 
cause of this Is primarily due to the fact that the regula- 
tor was set too high but as In the case of the Kewbold equip- 
ment, is really Inherent In the fundamental principles under- 
lying the operation of the regulator Itself. Instead of 
being a regulator for constant voltage , It Is a constant 
regulator . This Is found to be Inherent In the control of 
the large solenoid. It Is noted from the description on 
page 41 that the Iron plunger (J) which controls the opera- 
tion of the full rheostat Is held In equilibrium between the 
magnetic pull of the solenoid winding and the tension In the 
spring (K). Now the magnetic piai by the coll (A) Is 
directly proportional to the current flowing through that 
coll and Is no function of the generator voltage, so that 
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the regulation will be suoh aa will maintain constant cur- 
rent output of the generator Irrespeotlve of Its voltage. 
This Is a very great disadvantage troa battery standpoint In 
tliat after the batteries have beoome fully charged they 
still continue to be overcharged at the normal rate so long 
as the generator Is operative. 

Attention should be called to the fact that the total 
efficiency of the outfit Is 40.4 f«. This Is due largely to 
the fact that the batteries are greatly overcharged thus 
wasting a large amount of power and also Is shown by the ex- 
ceedingly high generator output, being considerably higher 
than the sum of the line consumption and the battery charge 
minus the battery discharge. This Indicates a very high 
line loss and Is substantiated by reference to the large 
curve sheet which shows an average line loss of about 15 ^. 

The values given mider wattmeter readings on page &o 
have been duly corrected as per page 63 so that the readings 
are true valiiea. It should be noted that the voltage con- 
nections of the wattmeters were taken over special leads 
from the generator, line and battery, so that the readings 
do not Include any line drop, except that of the generator 
which of course Includes all. 

In discussion of the detail curves, Plate XXVII, of 
operation there are many Important features to be noted. 
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whioh are typloal In the operation of this equipment. It 
8ho\xld be first noted that these curves are In four different 
sets, one under full load condition of lighting, another 
with but half the lights on, a third with about one fourth 
of the lights burning, and the fourth set of curves indicat- 
ing detail operation while charging batteries with no lights 
on. The uppermost curve shows that the generator current 
remained practically constant at all tines, whether all 
lights were on or one-fourth lights on or charging batteries. 
This substantiates the statement that the regulator is for 
constant current irrespective of the generator voltage. 

Another point of particular interest in the curves is 
the variation in line voltage as the line current decreases 
and the batteries bec(»ie charged. It is also noted tliat the 
line voltage varies directly and is almost equal to the bat- 
tery charging voltage thus indicating the absolute impossi- 
bility of lamp regulator irrespective of battery charging 
voltage by this method of inserting lanqp resistance. 

Another point of technical interest is shown by the two 
lower curves in the inverse variations of field current and 
train speed, an increase in train speed being always accom- 
panied by a decrease in field current and vice versa. 
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CONCLUSION 

In oonolualcm a ooxislderatlon of the proper adjiutnent 
of the regulator to obtain proper performance of the e<mlp~ 
ment would be of special Interest. 

CALCULATIOH Oy REOULATOR ADJUSTJiENT:- Prom the watt- 
meter data page 50 It is seen that for a round trip the bat- 
teries reoelYe an over charge of 11.2 K. W. hours. The total 
tlae of g^ierator operation Is twenty-two and one-half hours. 
Assuming the battery voltage an overcharge to be 40 volts, 
then generator output is set too high by 
liaOO - 12.45 amperes 

23.6 X 40 
This does not consider the battery efficiency which woiad 
make a somewhat higher setting necessary, moulding this 
In the calculation, battery output is 3.72 K. V. hours, at 
70 ^ battery efficiency would require 5.5 K. ¥. hours or an 
Increase in the setting of the regulator of 
(5.3-5.72)1000 ^ ^^^ ^^^^3 

22.5 X 40 
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therefore the regulator Is set too high t>y the dlfferenoe of 
these values oooputed or 12.45 - 1*96 - 10.5 amperes. There 
fore the regulator shoiild he set at 31.5 amperes Instead of 
42 as It Is at present. 
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DATA OF AXLE DRIVX TEST 

TESTS OH TRAINS 55 AND 56 

RUNNINO BETWEEN GHIOAOO AND KANSAS CITY 

EQUIPUBNT ON OBSERTATION OAR DTNAlflGME 



Data of Trip on Train 55 
Froaa ohloago to Kansas City, May 9, 1906 







VOLTACa 




' 


CURRENT 






• 


& 








& 








«2 


• 

s 


15 


• 


1 


H 


4> 


« 


1 

4» 


S 


S 

H 


o 


5 

^ 




5 

». 


1 




4* 
OS 


5 

f'. 


II 



9:22 


0,0 50.0 31.0 


0,0 


0.0 


28.0 30,0 


0,00 







9:23 


Left Kewaunee 












-- 




9:30 


38.0 33.0 33.0 


13.0 


41.0 


33. 


5,0 


2,60 


48 


Data of 


9:32 


38.0 33.0 34.0 


15,0 


40,0 


32,0 


6,0 


2.40 


66 


C\»rvc 1 


9:35 
9.39 


37.5 33.0 34.0 
36.0 33.5 33.5 


12.0 
12.0 


42,0 
41,0 


34.0 
33,0 


6,0 

6,0 


2.30 
2,20 


60 
65 




Pull 


9:46 


38,0 33.5 33.5 


14.0 


45,0 


34,0 


6,0 


2.50 


67 


Load 


9:54 


58.0 34.0 34,0 


14,5 


43,0 


34.0 


6,0 


2.50 


57 




9.57 


38.5 34.0 34,0 


13,0 


42.0 


34.0 


6.0 


2.20 


63 




10:00 


- 10:10 Stop at 


QalesDurg 








- 




10:08 


0,0 30.0 31.0 


0.0 0.0 


28,0 


30.0 


0.00 







10:58 


- 10:59 Stop at 


Buslmell 












10:58 


0.0 33,4 33,8 


0.0 0.0 


11.0 


13.0 


0.00 







11:02 


-11:06 Stop on 


Siding 












11:06 


0,0 32,0 32.8 


0.0 


0,0 


15.0 


16.6 


0.00 





Data of 


11:10 


41,0 36.0 35,0 


18.0 


43,0 


16.8 


23.0 


3.10 


44 


Curve 2 


11:12 
11.14 


41,0 36,0 35.5 
41.8 36.2 36.0 


18,8 
17,5 


41,0 
- 44,0 


16,8 
17.0 


21.0 
24.0 


3.20 
2.90 


43 
46 




Half 


11.16 


42.0 36.8 36.0 


17,5 


41,0 


17.0 


21.0 


2.90 


1 50 


Load 


11.21 


41,0 36.8 36.0 


17,4 


41.0 


17.0 


21,0 


2.60 


4a 




11:22 


p- 11:24 Stop at MoConi 


b 
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11: 


:22 


11: 


:55 


11: 


:56 


11: 


:40 


12: 


;07 


12; 


:15 


12: 


:48 


12: 


:5l 


l: 


:08 


l: 


:16 


1: 


;31 


1: 


;33 


1: 


;45 


2: 


:13 


2: 


:50 


2: 


:44 


2: 


:45 


s: 


:59 


4: 


.00 


4: 


ISO 


4: 


:46 


5; 


:00 


5: 


:45 


5: 


:57 


5: 


:55 


6: 


:00 


6; 


:05 


6: 


:15 


6: 


:S5 


6: 


:40 


6: 


:64 


6: 


:57 


7: 


:00 


7; 


:04 


7: 


:10 


7- 


:15 


6: 


:00 



0.0 33.0 33,2 0.0 
43.6 37.0 37.0 17,5 
42.5 37,6 37.0 17.0 
43.0 38.0 37.5 14, o 



0.0 14.7 
40.0 5,0 



45.0 
43,0 



2,0 
2,0 



16.5 
33,0 
40.0 
38.0 



- 12:08 Stop at Golohester 



45.0 39.0 38.0 21.0 
-1:02 Stop at (tulnoy 

0.0 35,0 35.0 0.0 
-1:10 Stop at West Qulncy 

45.0 39,0 38,0 20,0 (41.0 



41.0 8.0 



33.0 
0.0 5,8 7.8 



7,0 30.0 



-1:35 Stop at Palmyra Junction 



0.0 35,0 35,0 0.0 
46.0 41.0 40,0 25,0 
47.0 41.0 40.0 27.0 
47.0 41.0 40.0 27.0 



*- 2:47 Stop at Glarenbe 



0.0 
45.0 
42.0 
43.0 



5.5 

8,0 
7.5 
7.5 



7.5 
33.0 
31.0 
32.0 



0.0 35.0 35.0 0.0 
-4:06 Stop at Brookfleld 

0,0 35.0 35.0 0.0 I 0.0 

48.0 42.0 41.0 19.0 44.0 

-4:48 Stop at Chlllloothe 



47.0 41.0 40.0 23.0 
47.0 42.0 41.0 21,0 



-5:58 Stop at Caineroh Jiinotlon 



43,0 
44.0 



5.0 
6.5 

6.5 
6.8 



48.0 42.0 41.0 40.0 9.0 

0.0 36.0 36,0 0,0 0.0 

0.0 34,0 34.0 0.0 0.0 

42.0 36.0 36.0 32,0 41.0 

-6:37 Stop at Lathrop 

47,0 41,0 40,0 21.0 44,0 10,0 

46,0 41,0 40,0 21,0 43,0 9,0 

46.0 41.0 40,5 21.0 42,0 

46,0 41,0 40,5 33.0 44.5 

46,0 41.0 40.0 S3,0 45,0 

46.0 40,6 40,0 24.0 45.0 

47.0 41,0 40,0 24,0 45,0 

Aarrlve at Kansas City 



6.0 
8.0 
8.0 
9,5 



9.0 
9.5 
9.5 
9.5 
9,0 



7.0 
33,0 

33.0 
34.0 

4.0 
10.0 

9.8 
30.0 

30,0 
30,0 
S0,0 
30,0 
30,0 
30,0 
30,0 



0.00 
2.85 
2.75 
2.45 

3.40 

0.00 

3.80 

0.00 
3.80 
4.00 
3.80 



0.0 9.0 10.8 0.00 



0,00 
3,00 

3.70 
3.20 

5.50 
0.00 
0.00 
3.70 

3.90 
3.40 
S,S0 
5,00 
3,70 
5.80 
3.70 




53 
57 
53 

56 



53 


50 
40 
44 




53 

40 
38 

38 



44 

88 
43 
44 

50 
41 

40 
4U 



Data of 
Curve 3 

Light 
Load 
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Tine 



Generator 



Line 



Battery 
Charge 



Difference 

Constant of 
Wattneter 

K. 1. Hoiirs 



8.928 

2.196 
19.6 



Zi92 

2.14 
8.58 



7.76 

1.018 
7.90 



Battery 
DlsQharge 



6:00 P..!!.. 9983.140 0012.60 9968.66 0101.23 

May 9, •06 

8:20 A. M. 9992.068 0008.68 9960.90 0099.54 

May 10, '06 



1.69 

1.10 
1.86 



SPICIFIC GEAVITY 



10:08 P. M, Uay 9, '06 
8:00 A. M, May 10, '06 



1227 
1225 
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Sata of Trip on Train 56 
7raiB Kansas Olty to Chicago, Uay lO, 1906 







V0LTAC8 






OURRENT 




10 


• 
















o 


• 


U 
I 


r: 




OS 




r? 




!^ 




f^ 


o 


tJ 


h 




o 


fi 


?« 


© 


o 


o ^ 


H 


O 


o 


-p 


H 


^ 


§ 


5 ^ 


•H 


§ 


5 


-p 

05 


5 


II 


H 


O 




^ 


O 


^ 


» 


fe 



5:15 
6:00 

6:20 
6:50 
7:08 

7:13 
6:04 
8:15 

8:27 

8: so 

8:39 

10:45 

11:06 
11:55 
1:04 
1:10 
1:15 
1:18 
1:25 
i:si 
5:2S 

4-32 
4:35 
5:02 
5:05 
5-13 
5:16 
6:52 



0,0 31.0 52,0 0.0 

0,0 29.8 30,3 0.0 

Left Kansas City 

40,0 35,0 34.0 15,0 

39,0 35,0 34,5 17,0 

38.0 54,0 34.0 17.0 



0,0 34.0 
0.0 39.5 

40.0 18,0 
43,0 38,0 
45,0 38,0 



-8:15 Stop at Cameiron Junction 

0,0 29,8 30,2 0.0 0,0 38,0 

38,0 33,0 33.0 27,0 49,0 43,0 

58,0 35,0 32.0 18.0 49.0 42.0 

- 8:41 Stop at Hamilton 

40.0 35.0 34.0 36.0 41.0 20,5 

- 11:11 Stop at ICaoon 
42,0 36,0 36,0 16,0 

- 1:13 Stop at Qulnoy 

0.0 53.0 33.5 0.0 0.0 7.7 
42,0 57,0 36,0 31.0 43,0 8.0 
42,0 37,0 36,5 38.0 49,0 15.0 
43.0 37.0 37.0 28.0 45.0 11.0 
42,0 38.0 37.0 19.0 44.0 9,0 
44,5 40,0 40,0 41.0 48,0 35,0 
-4:53 Stop at aalva 
41.0 36.0 35.0 17,0 

- 5:03 Stop at Buda 

46,0 0.0 39.5 18.5 43,0 2.0 
47,0 0,0 40,0 17,0 44,0 2,0 
47,0 0.0 37,5 17.0 43,0 2,0 
-6:54 Stop at Aurora 



36,0 0,00 
40,5 0,00 

21.0 2,80 
2,0 2,80 
2,0 2.80 

40,0 0.00 
5,0 4,00 
4,0 2,50 

17,0 4,00 



43,0 7,0 35,0 3,00 



9,2 0.00 
30,0 4,70 
29,0 5.20 
30.0 4.20 
32.0 3.00 

7.0 5.80 



43,0 17,0 23.0 2.80 



38,0 3.10 
39.0 3.00 
38,0 2,90 






53 
46 
46 


33 
44 

33 

45 


26 
32 
37 
45 
24 

44 

44 

51 

50 
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6:55 
6:58 

7:00 
7:03 
7:04 
7:06 
7:09 
8:02 



46.0 


0.0 40,0 36.0 


46.0 


46.0 


0.0 40.0 29.0 


41.0 


46.0 


0.0 40.0 27.0 


46.0 


46.0 


0.0 40.0 23.0 


44.0 


46.0 


0.0 40.0 20.0 


45.0 


46.0 


0,0 40.0 17.0 


41.0 


46.5 

Hrrlv© 


0.0 40.5 17,5 
at Chicago 


41.0 



0.0 40,0 5.50 
0.0 36.0 4.40 
0.0 42.0 4.20 
0.0 40.0 3.70 
0.0 42.0 3.30 
0.0 39.0 3.00 
0.0 38.0 5.10 



29 
33 
57 
40 
46 
51 
5Qi 



Data of 
Curve 4 



Vo 
Load 



WATTMETER LATA 



Time 


Generator 


Line 


Battery 
Charge 


Battery 
Discharge 


5:45 p. M. 
May 10, '06 


999.256 


0008.68 


9960,9 


0099.6 


8:00 A. M. 

May 11, 'oe 


10001,315 


0005.28 


9954,0 


0097.9 


Difference 


8,755 


3.46 


6,9 


1.7 


Constant of 
Wattmeter 


2.196 


2.14 


1,018 


1.1 


K. W, HOUTB 


19.2 


7.28 


7.03 


1,87 



SPECIFIC ORAVITT 



5:15 P. M. May 10, '06 
9:05 A, M, May 11, 'Oe 



1223 
1225 
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Volts 



54.5 
35.5 
39,5 
39.5 
54.5 
39.5 
34.5 
39.5 
34.5 
29.5 
34.5 



Uotor 

Anaature Field Speed Watts 
OupTcnt Ouprent R. P. Ji. Output 



Stray 
Power 



120 


5.0 




2.10 




1600 




600 


564 


120 


4.8 




2.00 




1600 




576 


352 


111 


5.1 




2.07 




1540 




566 


545 


113 


5.8 




1.42 




1940 




627 


580 


113 


5.4 




1.45 




1890 




610 


370 


113 


5.2 




1.97 




1620 




587 


550 


116 


5.1 




2.00 




1670 




592 


570 


115 


5.7 




1.50 




1960 




659 


592 


115 


5.6 




1.45 




1950 




645 


585 


112 


5.4 




1.55 




1870 




605 


580 


111 


5.1 




1.55 




1890 




567 


575 








Oenerator 
















Speed Stray Power 






Field 


Speed Ulles 


per 


and 




Generator 


Volte 


Cufrent 


R. P. 


M. 


HOUI 


Field Watts 


Efficiency 



0.85 
0.85 
1.10 
1.74 
0.58 
0.54 
0.46 
0.44 
0.57 
1,53 
0.28 



654 
634 
620 

770 
790 
950 
970 
1100 
1090 
400 
400 



52.5 
52.5 
52.0 
40.0 
41.0 
48.2 
50,5 
57,5 
56.5 
20.7 
20.7 



256 
224 
221 
247 
240 
257 
222 
267 
260 
255 
192 



80.6 ji 



Average Efficiency - 
Anaature resistance - .083 ohms, 



80. 


,5 


/' 


81, 


,0 


^ 


79, 


►6 


i 


82, 


,5 


1 


• 80, 


,8 


1^ 
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WATTMETER CALIBRATIONS 

Generator Wattiaeter 
Tine In 



Seoonds 


Volts 


Ourre; 


nt Revolutions Watts 


Constant 


41 

65.5 

63 


28 
34 
36 


55 

35 
35 


5 980 
10 1190 
10 1260 

Average - 


2.230 
2.160 

2,200 

- 2il96 








Line Wattmeter 




40U 

68 

59.8 


28 
32 
36 


35 
35 
35 


5 980 
10 1120 
10 1260 

Average - 


2.200 
2.120 
2.100 

- 2.140 






Battery Charge Wattmeter 




60 
60 
60 


28 
52 
36 


36 
35 
35 


16 980 

18 1120 
21 1260 

Average - 


1.020 
1.035 
1.000 

- 1.018 






Battery Discharge Wattmeter 




40.8 
35 

60 


28 
32 
36 


35 
35 
35 


10 980 
10 1120 
19 1260 


1.110 
1.090 
1.100 



Average - ~ 1.100 
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